Three pig experiments were conducted using a chemically defined, amino acid diet under conditions in which all nutrients were 100% bioavailable to assess the maximal portion of the sulfur amino acid I S M requirement that could be furnished by cystine (Cys). In Exp. 
Introduction
Cystine (Cysl is a dispensable amino acid only when methionine (Met) is present in the diet at levels sufficient to meet the total sulfur amino acid ( S M ) requirement. Methionine can therefore serve as a source of Cys. Because of the molecular weight difference between Met and cysteine (1/2 Cys), the efficiency of Met in meeting a biological need for cysteine on a weight or concentration basis is in the order of 80%, whereas an assumption of 100% molar efficiency is frequently used (Creek, 1968;  Sowers et al., 1972) . Thus, the total SAA requirement e x pressed as a percentage of the diet is lower for a Met plus Cys combination than for Met alone J. Anim. Sci. 1992 Sci. . 70:1182 Sci. -1187 the Met committed to the irreversible transsulfuration pathway, the maximal portion of the total SAA that can be furnished by Cys has major practical importance, because practical-type swine diets containing grains other than corn are frequently low in Met but not in total SAA represented by the s u m of Met and Cys. The maximal portion of the SAA requirement that can be furnished by Cys has been estimated to range between 40 and 70% for growing pigs (Shelton et al., 1951; curtin et al., 1952; Becker et al., 1955; Mitchell et al., 1968; Baker et al., 1969; Roth and Kirchgessner, 1987, 19891 . These estimates for the most part are inexact because of analytical problems in SAA analysis as well as the lack of information of Met and Cys bioavailability in basal diets or feed ingredients that have been used. To properly assess the Met-sparing value of Cys, one must know precisely the dietary levels of Met and Cys as well as the bioavailability of Met and Cys in the diets fed. Also, for a replacement value to be valid, it is necessary to work at a SAA level that is at or slightly below the SAA requirement of all animals in the population being sampled (Baker, 1986a (Baker, ,b, 1987 .
1182

METHIONINE-CYSTINE FOR PIGS
1183
Use of a chemically defined amino acid diet in which all of the SAA are 100% bioavailable (Han et al., 1990; Chung and Baker, 1991a ) is perhaps the best means of circumventing the many pitfalls inherent in establishing an accurate Cys replacement value. A recently developed, chemically defined, amino acid diet for young pigs has been shown to allow weight gains in 10-kg pigs that are equal to those obtained with conventional cornsoybean mealdried whey diets (Chung and Baker, 199lb) . This diet was used in the experiments reported herein.
Materials and Methods
Animals and Genera7 Procedures. Four-week-old, weanling, crossbred (Duroc x Hampshire x Yorkshire) pigs were used in all experiments. From blocks based on ancestry and weight, individual pigs were assigned randomly to experimental treatments and pens. Pigs were initially fed a standard 20% CP corn-soybean meal-dried whey diet, which was followed by gradual introduction of a chemically defined, amino acid diet (Table 1) containing .42% DL-Met and .42% L-Cys (Chung and Baker, 199lbI until they attained an average weight of 10 kg. In all experiments, pigs were housed individually in .71-m x .86-m metabolism cages (containing a self-feeder and nipple waterer) in an environmentally controlled metabolism room (24"O in which a 24-h constant light schedule was maintained. Before experiment initiation and termination, pigs were fasted overnight and weighed the following morning. A l l animals were meal fed to satiation twice daily, once in the morning and once in the evening. Fresh (refrigerated) diet was provided at every feeding. Diets were fed dry without moistening. Feed intake and weight gain were monitored daily and weekly, respectively.
Diets. The chemically defined, amino acid diet was formulated to meet or exceed all NRC (1988) nutrient requirements of 10-to 20-kg pigs with the exception of SAA (Table 1) . It contained 14.77% CP (N x 6.251, 3,450 kcal of ME/kg, .15% of choline, 4 mg/kg of folate, and 40 pg/kg of vitamin BI2. This diet has been shown to support excellent growth performance of 10-kg pigs when fortified adequately with SAA (Chung and Baker, 1991b Experiment 2. Twenty-four pigs (eight per diet) with an average weight of 10.0 f .6 kg were used to assess the Cys replacement value during a 14-d assay period. They were individually fed chemically defined, amino acid diets (Table 1 kilogram of diet (Chung and Baker, 199lb made to test for the significance of treatment effects (Steel and Torrie, 1980) . Data from Exp. 1 were fitted to a broken-line regression model (Robbins, 1986) to estimate an inflection point for the Met dose-growth response curve. Table 2) . A two-slope, broken-line regression model estimated an inflection point for daily gain at .23% dietary Met (Figure 1) . Slope below the inflection point was nine times greater than slope above the inflection point. Experiment 2. When the level of total dietary SAA was maintained at .46%, daily gain and gain: feed ratio were similar (P > .05) for pigs fed Met: Cys ratios (wt:wt) of 60:40 and 50:50 (Table 3) . Pigs fed the 40:60 Met:Cys ratio gained more slowly and less efficiently (P e .05) than those fed diets containing higher Met:Cys ratios. 
Results
Experiment
Discussion
The accuracy of previous Cys replacementvalue estimates in pigs can be questioned. Yet, knowledge of the maximal portion of the SAA requirement that can be provided by Cys has important basic and practical implications in terms of transsulfuration efficiency and diet formulation. To assess properly the Cys replacement value, one has 1) to work at or slightly below the SAA requirement, 2) to set precisely the levels of Met and Cys in diets fed, and 3) to know the bioavailability of SAA in diets fed. If one is working above the SAA requirement, the Cys replacement value may be underestimated because excess Met can decrease the need for Cys in that Met alone can furnish the total SAA requirement. When the Met-deficient, chemically defined, amino acid diet ( Table 1 Curtin et al. (1952) estimated the SAA growth requirement at .7% for weanling pigs fed a 22% CP diet based on isolated soybean protein and brewer's dried yeast. They estimated that 53% of the SAA requirement could come from Cys. Cystine was estimated to provide 40% of the weanling pig's SAA (.25% Met + .17% Cysl need for growth when a 12.6% CP diet (soy protein) was fed (Becker et ai., 1955) . Using nitrogen retention as a criterion, Mitchell et al. (1968) suggested that Cys could supply at least 70% of the SAA need of weanling pigs fed caseinbased diets. A subsequent study by Baker et al. (1969) indicated that the Cys replacement value was 56% for maximal weight gain under ad libitum feeding conditions. They demonstrated further that at least 55% of the SAA need could come from Cys for maximal nitrogen retention of young pigs that were equally fed. Disagreement in published Cys replacement values have resulted from 1) use of different response criteria, 2) use of widely differing diets with great variations in both ME and CP levels, 3) differing dietary Met:Cys ratios employed in diets fed, 4) use of tabulated rather than analytical values of SAA, 5) underestimation of SAA in diets due to the use of analytical procedures (HCl hydrolysis without performic acid preoxidatiod that partially destroy Met and Cys, and 6) not considering bioavailability of SAA in basal diets or feed ingredients. Use of an efficacious, chemically defined, amino acid diet in which levels of Met and Cys can be set precisely can overcome many of the pitfalls that were present in previous studies. Pigs fed the purified diet herein gained > 500 g/d, even though the SAA level employed was at the inflection point and, therefore, was below the SAA level required for maximal weight gain (Chung and Baker, 19921. Cystine replacement values have been reported for other species, ranging from 50 to 68% for rats (Rose and Rice, 1939; Rama Rao et al., 1961; Sowers et al., 1972) and 50 to 55% for chicks Sasse and Baker, 1974; Soares, 1974) . Also, Cys can provide 50% of the SAA need of young cats (Teeter et al., 1978) and dogs (Hirakawa and Baker, 1985) . Using the Met:Cys sulfur ratio of 45:55 (Le., 23% Met, .23% Cys) as a positive control, both higher and lower Met :Cys sulfur ratios were evaluated. Both daily gain and gain:feed ratio were similar among the diets fed, but pigs fed 40% of the sulfw from Met and 60% from Cys Le., .206% Met, 249% Cys) tended to gain weight more slowly ( Table 4) . The results of Exp. 3 ( Table 4 ) also suggest that the SAA need (expressed as a percentage of the diet) of the pig is higher for Met alone than for a proper Met plus Cys combination. Taken together, the results of Exp. 2 and 3 (Tables 3 and 4) support a conclusion that no more than 50% of the young pig's total SAA requirement (wt:wt) can be furnished by Cys. The Cys replacement value of 50% reported herein for the young pig agrees with the estimate of NRC (1988) .
Our work reported here was done with IO-kg pigs. The Cys replacement value may be higher for older pigs, because they have a higher maintenance Cys requirement than do younger pigs (Baker et al., 1966;  Roth and Kirchgessner, 1987) . Roth and Kirchgessner (1989) suggested that 55 to 57% of the SAA requirement of 30-kg pigs must be furnished by Met to achieve maximal performance. In their study, however, the dietary Met:Cys weight ratio of 45:55 clearly produced weight gains similar to those produced by the 55: 45 ratio. Also, Met and Cys bioavailability in their basal diet was not reported.
Implications
The methionine and cystine interrelationship is of practical importance because cystine in a diet can furnish some portion of the sulfur amino acid requirement. Practical swine diets containing grains other than corn are adequate in cystine but marginal in methionine. A realistic cystine replacement value is important for least-cost diet formulation so that the total sulfur amino acid requirement can be attained without methionine excesses. The portion of the sulfur amino acid need of 10-to 20-kg pigs that can be safely furnished to cystine is 50%.
